Introduction
Rare earth elements with a distinguishing 4f shell exhibit electronic and optical properties. Thus, rare earth compounds have been widely investigated as high-performance luminescent materials, magnets and catalysts. 1) It is very important to control the morphology and particle size of these compounds, because their properties depend on their morphology and particle size. 2) So far, particle size and morphology control has been achieved via the adsorption of organic molecules 3) and surfactants. 4) Among rare earth compounds, rare earth phosphates have been attracting attention recently. They can be synthesized via various routes, and several liquid-phase syntheses have been reported. Also synthesis of rare earth phosphates using surfactants has been reported. 5) In general, H 3 PO 4 is used as a source of phosphate ions. It is difficult to control the reactions, however, because depositions of rare earth phosphates occur rapidly from the phosphate ion and rare earth metal ion.
In this study, tri-n-butylphosphate [PO(OC 4 H 9 ) 3 , TBP] was hydrolyzed, and the resultant hydrolyzed species were reacted with yttrium ions. The focus was placed on the morphological change during the reaction.
Experimental procedures

Synthesis
In a teflon-lined stainless-steel autoclave, 1.2 g of Y(NO 3 ) 3 · 6H 2 O and 63¯L of conc. HNO 3 were dissolved in 5.0 mL of H 2 O. Then 5.0 mL of TBP was added to the resultant solution (Y:P = 1:6 in molar ratio). The solution in the autoclave was heated at 180°C for 1, 3, 6, 8, 8.5, 12, 24, 36 or 48 h. Finally, the reaction products were collected by centrifugation, washed several times with acetone and water, and dried in air at room temperature. The reaction products were then named Y_TBP_1h, Y_TBP_3h, Y_TBP_6h, Y_TBP_8h, Y_TBP_8.5h, Y_TBP_12h, Y_TBP_24h, Y_TBP_36h and Y_TBP_48h. 
Instrumentation
IR spectra were measured with a JASCO FT/IR-460 Plus spectrometer using the KBr disk method. Inductively coupled plasma (ICP) emission spectrometry was performed using a VARIAN VistaMPX spectrometer. The samples for ICP analysis were prepared by the following procedure for Y_TBP_1h, Y_TBP_3h and Y_TBP_6h: 16 mg of samples were dissolved in a mixture of 7.5 mL of conc. HCl and 2.5 mL of conc. HNO 3 . A mixture of 16 mg of a sample, 53 mg of H 3 BO 3 and 107 mg of Na 2 CO 3 was heated in a Pt crucible, on the other hand, and the heated mixture was dissolved in water for preparation of ICP samples of Y_TBP_12h, Y_TBP_24h, Y_TBP_36h and Y_TBP_48h. Elemental analysis was performed with a PerkinElmer PE2400II instrument at the Materials Characterization Center of Waseda University. X-ray powder diffraction (XRD) patterns were recorded with a Rigaku RINT-2500 3. Results and discussion Figure 1 shows the IR spectra of Y_TBP_1h, 3h, 6h, 8h, 8.5h, 12h, 24h, 36h and 48h, as well as those of TBP and Y(NO 3 ) 3 ·6H 2 O. The absorption bands of the phosphoryl groups, observed at 1281 cm ¹1 in the spectrum of TBP, are not observed in the spectra of all the samples. In addition, absorption bands assignable to NO 3 ¹ , observed at 1504, 1316 and 1035 cm ¹1 in the spectrum of Y(NO 3 ) 3 ·6H 2 O, 6) are not observed in the spectra of all the samples. Two adsorption bands, which are assigned to the¯(CH) and µ(CH 2 ) modes of n-butyl groups, are observed at 2960 and 735 cm ¹1 . The absorption bands of ¤(PO 4
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), observed at 645 and 527 cm ¹1 in the spectrum of YPO 4 , 7) are observed in the spectra of Y_TBP_8h, 8.5h, 12h, 24h, 36h and 48h. No absorption bands assignable to n-butyl groups are observed in the spectra of Y_TBP_8h, 8.5h, 12h, 24h, 36h or 48h. Table 2 shows the compositions of Y_TBP_1h, 3h, 6h, 12h, 24h, 36h and 48h based on the elemental analysis and ICP results. The composition of Y_TBP_1h corresponds approximately to Y:P:C:H = 1:3:24:54, and the relative amounts of C and H are slightly decreased for Y_TBP_3h and 6h. The molar Y:P ratios of Y_TBP_12h, 24h, 36h, 48h are 1.0:1.0. The amounts of nitrogen are essentially zero, which is consistent with the IR results showing the absence of NO 3 ¹ ions. Figure 2 shows the XRD patterns of Y_TBP_1h, 3h, 6h, 8h, 8.5h, 12h, 24h, 36h and 48h. It should be noted that none of the products contain a starting material, Y(NO 3 ) 3 ·6H 2 O, a result consistent with the IR and compositional results. Intense diffraction lines are observed at d µ 1.28 nm in the XRD patterns of Y_TBP_1h, 3h and 6h. A diffraction line at d µ 1.28 nm and diffraction lines assignable to YPO 4 (marked with open circles) are observed in the XRD patterns of Y_TBP_8h and 8.5h. All the diffraction lines in the XRD patterns of Y_TBP_12h, 24h, 36h and 48h are assignable to YPO 4 . Figure 3 shows SEM images of Y_TBP_1h, 3h, 6h, 8h, 8.5h, 12h, 24h, 36h, and 48h. Belt-like products with widths of ca. 510¯m are observed in the SEM images of Y_TBP_1h, 3h and 6h. Belt-like products and particles with diameters around 1¯m are observed in the SEM image of Y_TBP_8h. In the SEM image of Y_TBP_8.5h, spherical aggregates composed of leaf-like particles with diameters of 2.55¯m are observed on the surface. Only spherical aggregates composed of leaf-like particles are observed in the SEM images of Y_TBP_12h, 24h, 36h and 48h. Figure 4 shows TEM images of Y_TBP_8.5h and 24h. Leaflike particles with widths of 100200 nm and lengths of 450 650 nm are observed in both the images.
Belt-like products, which are observed in the SEM images of Y_TBP_1h, 3h, 6h, 8h and 8.5h, have intense diffraction lines at d µ 1.28 nm in their XRD patterns. The molar ratio of Y_TBP_1h is Y:P:C:H = 1:3:24:54, and this seems to correspond to Y[PO 2 (OC 4 H 9 ) 2 ] 3 . Small portions of n-butoxy groups of Y_TBP_3h and 6h are estimated to be hydrolyzed to yield Y[PO 2 (OC 4 H 9 ) 2-x 
In the XRD patterns, diffraction lines assignable to YPO 4 appear after 8 h, and an intense diffraction line at d µ 1.28 nm disappears after 12 h. In the IR spectra, adsorption bands assignable to ¤(PO 4
) appear after 8 h, and adsorption bands assignable to n-butyl groups disappear after 12 h. In the SEM images, particles with diameters of around 1¯m are observed after 8 h, and spherical aggregates composed of leaf-like particles with diameters of 2.55¯m appear after 8.5 h. Correspondingly, belt-like products disappear after 12 h. Based on these observations, it is likely that spherical aggregates composed of leaf-like YPO 4 4 was formed. Since the formation YPO 4 is accompanied by the drastic morphological change, the final step should involve the dissolution and crystallization.
Conclusions
Spherical aggregates of leaf-like YPO 4 were synthesized via hydrolysis of TBP. YPO 4 formation seems to proceed via the formation of a solid intermediate, which is likely to be Y[PO 2 (OC 4 H 9 ) 2 ] 3 , with a belt-like morphology. 
